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ABSTRACT: 

PURPOSE: To provide a nonaqueous electrolyte capable of preventing the 
precipitation of dendrite at a negative electrode even under an overcharging 
condition, as a nonaqueous electrolyte useful for a nonaqueous electrolytic 
battery by adding light metallic salt as the electrolyte as well as the 
specified compound as a nonaqueous solvent. 

CONSTITUTION: Light metallic salt is contained as an electrolyte and di- 
trifluoromethyl malonate contained as a nonaqueous solvent. In this case, di- 
trifluoromethyl malonate may be used alone, but when other nonaqueous solvents 
(e.g. propylene carbonate) are used concurrently, the ratio of the malonate is 
preferably kept equal to or above 1 0wt.% of the whole solvent. More 
preferably, the ratio is kept equal to or above 30wt.%. Also, the nonaqueous 
electrolyte so prepared is applied to a nonaqueous electrolytic battery with a 
light metal (compound) or preferably a lithium (compound) used as a negative 
electrode active material. 
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NOVELTY - Di-(2,2,2-trifluoroethyl) difluoromalonate (IA) is new. 

DETAILED DESCRIPTION - Di-(2,2,2-trifluoroethyl) difluoromalonate (IA) of 
formula (I) is new. 
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R1, R2 = 2,2,2-trifIuoroethyI 

INDEPENDENT CLAIMS are also included for: 

(a) the use of a wider range of di-(1-4 C)-(fluoro)alkyl difluoromalonates (I) 
of formula (I; 

R1 j R2 = 1-4 C alkyl or 1-4 C alkyl with fluorine substituent(s) 

) as solvents in electrolytes, especially of lithium batteries with increased 
safety; 

(b) electrolytes containing (I) and a conductive salt, preferably lithium 
hexafluorophosphate (LiPF6); 

(c) mixtures of (I) and other aprotic, non-aqueous electrolyte solvent(s); and 

(d) the preparation of (I) by reacting the corresponding dibromomalonate with 
fluorinating agent, especially potassium fluoride (KF). 

USE - (I) are used as solvents in electrolytes, especially of lithium batteries 
(claimed). 

ADVANTAGE - (I) increase the safety of lithium ion batteries, as the flash 
point of compounds increases with the degree of fluorination. 

CHOSEN-DRAWING: Dwg.0/0 

TITLE-TERMS: NEW Dl SOLVENT ELECTROLYTIC LITHIUM BATTERY 

DERWENT-CLASS: E16 L03 X16 

CPI-CODES: E10-G02B1; E31-K07; L03-E01C2; 
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CHEMICAL-CODES: 
Chemical Indexing M3 *01* 
Fragmentation Code 

H6 H601 H608 H684 H685 H689 JO J012 J2 J272 

M280 M311 M312 M321 M322 M332 M344 M349 M362 M393 

M416 M620 M710 M720 M781 M782 M904 M905 N209 N225 

N309 N322 N513 Q454 Q615 R023 

Specfic Compounds 

A6PZAM A6PZAN A6PZAP A6PZAU 

Chemical Indexing M3 *02* 
Fragmentation Code 

H6 H601 H608 H684 JO J012J2 J272 M210M212 
M272 M282 M311 M321 M344 M349 M362 M391 M416 M620 
M710 M720 M781 M782 M904 M905 N209 N225 N309 N322 
N513Q454 Q615R023 
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Specfic Compounds 

A6PZBM A6PZBN A6PZBP A6PZBU 

Chemical Indexing M3 *03* 
Fragmentation Code 

H6 H601 H608 H684 JO J012J2 J272 M210 M213 

M232 M272 M282 M311 M321 M344 M349 M362 M391 M416 

M620 M710 M720 M781 M782 M904 M905 N209 N225 N309 

N322 N513 Q454 Q615 R023 

Specfic Compounds 

A6PZCM A6PZCN A6PZCP A6PZCU 

Chemical Indexing M3 *04* 
Fragmentation Code 

H6 H601 H608 H684 JO J012J2 J272M210M213 

M231 M272 M282 M311 M321 M344 M349 M362 M391 M416 

M620 M710 M720 M781 M782 M904 M905 N209 N225 N309 

N322 N513 Q454 Q615 R023 

Specfic Compounds 

A6PZDM A6PZDN A6PZDP A6PZDU 

Chemical Indexing M3 *05* 
Fragmentation Code 

H6 H601 H608 H684 JO J012J2 J272M210M211 

M272 M282 M311 M321 M344 M349 M362 M391 M416 M620 

M710 M720 M781 M782 M904 M905 N209 N225 N309 N322 

N513Q454 Q615 R023 

Specfic Compounds 

A6PZEM A6PZEN A6PZEP A6PZEU 

Chemical Indexing M3 *06* 
Fragmentation Code 

H6 H601 H607 H608 H609 H681 H682 H683 H684 H685 
H689J0 J012J2 J272 M210 M21 1 M212 M213 M214 
M215 M216 M231 M232 M233 M272 M280 M281 M282 M311 
M312 M313 M314 M315 M321 M322 M323 M331 M332 M333 
M334 M340 M342 M343 M344 M349 M362 M391 M392 M393 
M416 M620 M710 M720 M781 M782 M904 M905 N209 N225 
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Markush Compounds 

200060-021 01-M 200060-021 01 -N 200060-021 01 -P 200060-021 01 -U 

Chemical Indexing M3 *07* 
Fragmentation Code 

A103 A940 B115 B720 B752 B819 B831 C009 C100 C803 
C804 C805 C806 C807 M411 M782 M904 M905 Q454 R023 
Specfic Compounds 
10929K 10929M 

Chemical Indexing M3 *08* 
Fragmentation Code 

H6 H603 H608 H684 JO J012J2 J272 M210 M212 
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M272 M282 M311 M321 M344 M349 M362 M391 M416 M620 
M730 M904 M905 
Specfic Compounds 
A6Q0AK A6Q0AS 

Chemical Indexing M3 *09* 
Fragmentation Code 

A119 A940 C009 C100 C730 C801 C803 C804 C805 C806 

C807 M41 1 M730 M904 M905 M91 0 

Specfic Compounds 

01815K01815S 

Registry Numbers 

1815S1815U 
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0\ (54) Title: NOVEL USE OF DIFLUOROMALONIC ACID ESTERS 
rN 

„ (54) Bezeichnung: NEUARTIGE VERWENDUNG VON DIFLUORMALONSAUREESTERN 

r*^ (57) Abstract: Difluoromalonic acid dialkyl esters can be used as solvents in electrolytes for lithium-ion batteries. The invention 
also relates to novel compounds of difluoromalonic acid. 

O 

J^- (57) Zusammenfassung: Difluormalonsauredialkylester kSnnen als LOsemittel in Elektrolyten fur Lithiumionen-Batterien verwen- 
\^ det werden. Beschrieben werden auch neue Verbindungen der Difluormalonsaure. 
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PCT/EP01/08478 



Neuartige Verwendung von Dif luormalonsaur eastern 

Beschreibung x 

Die Erfindung bezieht sich auf eine neuartige Verwen- 
dungsmoglichkeit fur Dif luormalonsaureester und eine neue 
Verbindung . 

Lithiumionen-Batterien weisen einen Elektrolyten auf, 
der ein Leitsalz umfa&t sowie ein oder mehrere polare, apro- 
tische Losungsmittel. Ein sehr gutes Leitsalz ist LiPF 6 . 
Andere brauchbare Lithiumsalze sind LiBF 4/ das Lithiumsalz 
der Trifluormethansulf onsSure, die Lithiumsalze von Bis-tri- 
fluormethansulfonyl) imiden oder Lithiumsalze von Verbindungen 
des sechsfach koordinierten Phosphors mit F und CF 3 -Gruppen 
als Substituent/ wie in der WO 98/15562 angegeben. Als Lo- 
sungsmittel werden beispielsweise Alkylencarbonate, acycli- 
sche Carbonate, Ether, Formamide, Sulfolane oder Methylsul- 
folane eingesetzt. Brauchbar sind auch bestimmte Nitrile oder 
stickstof fhaltige Verbindungen, wie Nitromethan, Pyrrolidi- 
none etc. siehe z. B. Macoto Ue, Kazuhiko Ida, und Shoichiro 
Mori in J. Electrochem. Soc. 141 (1994), Seiten 2989 - 2996. 

Aufgabe der vorliegenden Erfindung war es, weitere, als 
Losungsmittel fur Elektrolyte verwendbare Verbindungen an- 
zugeben, die zu einer erhohten Sicherheit der Lithiumionen- 
batterie betragen konnen. Diese Aufgabe wird durch die Erfin- 
dung gelost* ErfindungsgemaS werden Verbindungen der allge- 
meinen Formel (I) R^—O-C (0) -CF 2 -C (0) -O-R 2 , worin R 1 und R 2 
gleich oder verschieden sind und fur Cl-C4-Alkyl oder fur 
durch mindestens 1 Fluoratom substituiertes Cl-C4-Alkyl ste- 
hen, als Losungsmittel in Elektrolyten, insbesondere von Li- 
thiumionen-Batterien . 
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Bevorzugt sind R 1 und R 2 gleich. Besonders bevorzugt be- 
deuten sie Methyl, Ethyl, n- Propyl, i- Propyl oder 2,2,2-Tri- 
fluor ethyl . 

Die Verbindungen der Formel (I) kdnnen als alleiniges 
Losungsmittel in Elektrolyten verwendet werden; Bevorzugt 
wird eine Verbindung der Formel (I) zusammen mit mindestens 
einem weiteren polaren, aprotischen organischen Losungsmittel 
eingesetzt. Als weiteres Losungsmittel kdnnen die bereits 
bekannten Losungsmittel fur Elektrolyte verwendet werden, 
Brauchbare Losungsmitteltypen sind beispielsweise in der 
angegebenen Literaturstelle von Ue et al.' erw&hnt. Besonders 
gut brauchbar sind Dialkylcarbonate, Alkylencarbonate, 
Lactone, Witrile und Formamide. Gut brauchbar sind Gemische 
mit den, in der WO 00/38264 offenbarten, alkylenverbruckten 
Diestern. Sehr vorteilhaft sind auch Gemische mit Dialkyl- 
amiden von fluorierten Carbonsauren, beispielsweise von 
N/N-Dialkylamiden der Trif luoressigsaure, die z. B. in der 
WO 00/38259 offenbart sind. "Alkyl " steht bier vorzugsweise 
fiir Cl-C4-Alkyl. Das Mol-Verhaltnis der Verbindung der Formel 
(I) und des anderen Ldsungsmittels liegt bevorzugt im Bereich 
von 1:0,5 bis 1:10. Neben solchen Losungsmittelgemischen sind 
Elektrolyte, die eine Verbindung der allgemeinen Formel (I) 
und ein Leitsalz sowie gegebenen falls weitere bekannte Elek- 
trolytlosungsmittel enthalten, ebenfalls Gegenstand der 
Erfindung. Bevorzugte Leitsalze umfassen als Ration das Li- 
thium-Kation. Bevorzugtes Anion des Leitsalzes ist das ein- 
fach negativ geladene Anion PF 6 , brauchbar sind aber auch die 
einfach negativ geladenen Anionen BF 4 , CF 3 S0 3/ C10 4 , 
[N(S0 2 CF3) 2 ] Oder PF x (CF 3 ) y , worin x + y = 6 gilt und x = 1 
bis 5 und y = 1 bis 5 ist. Bevorzugt ist im erf indungsgemafien 
Elektroyten zusStzlich zu einer oder mehreren Verbindungen 
der Formel (I) ein weiteres Elektrolyt losungsmittel en thai- 
ten, vorzugsweise ein Dialkylcarbonat, ein Alkylencarbonat 
oder ein N,N-Dialkylamid der Trif luoressigsaure, wobei Alkyl 
fur Cl-C4-Alkyl, steht. Brauchbar sind als weiteres Elektro- 
lytldsungsmittel auch Amide der Trif luoressigs&ure, in wel- 
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chen der Amid-Stickstof f in ein 5- oder 6-Ringsystem einge- 
baut ist, welches auch Heteroatome wie Sauerstoff enthalten 
kann. Beispiele sind Amide der Trif luoressigsaure, in welchen 
die Amidgruppe durch die Pyrrolidinyl-, Morpholinyl- bder 
Piperidinyl-Gruppe gebildet ist . 

CF 3 CH 2 -0-C (0)CF 2 C (0) -0-CH 2 CF 3 ist neu und ebenfalls Ge- 
genstand der Erfindung. 

Die Herstellung von Dif luormalone stern aus den entspre- 
chenden Chlorverbindungen und Aminf luorid-HF-Addukten offen- 
bart die EP-A 597 329. 

Zur Herstellung der Verbindungen der Formel (I) kann man 
ausgehen von analogen Verbindungen der Formel rA-O-C (O) -CBr 2 - 
C{0)-0-R 2 . Ester mit R 1 , R 2 = Methyl oder Ethyl sind z. B. im 
Handel erhaltlich, Andere Ester erhalt man durch Umesterung 
(vor oder nach der Fluor ierung) . Die Ausgangsverbindung setzt 
man mit ein em Fluor ierungsmittel wie KF urn. Ein geeignetes 
Losungsmittel wie Sulfolan kann eingesetzt werden. Dieses 
■ Verfahren ist neu und ebenfalls Gegenstand der Erfindung, 

Ein anderes Hers tellungs verfahren durch alkalische Per- 
manganat-Oxidation von Polyf luorocyclohexenen of fenbaren 
E., J. P. Fear et al. in J. Appl. Chem. 5 (1955), Seiten 589 - 
594. Eine weitere Herstellungsmethode umfaSt die Fluorierung 
des Monobromderivates der jeweiligen Malonester, siehe E. D. 
Bergmann et al. in J. Chem. Soc. 1959, Seiten 3286 - 3289. 

Die Technik, insbesondere im Hinblick auf die Palette 
der verfugbaren Losungsmittel, besonders bei Elektrolyten fur 
Batterien wird durch die Erfindung bereichert. Die. Verbindun- 
gen weisen durch ihren Fluorierungsgrad einen erhdhten Flamm- 
punkt auf und tragen dadurch zu einer erhohten Sicherheit der 
Lithiumionenbatterie bei. 
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Die folgenden Beispiele sollen die Erfindung weiter er-' 
lautern, ohne sie in ihrem Umfang einzuschranken. 



In einem 2 I Kolben mit Riickf luSkiihler und Riihrer wurden Di- 
brommalonsaurediethylester (318 g; 1 mol; 318 g mol" 1 ) , Kali- 
umfluorid (232 g; 4 mol; 58 g mol" 1 ) und 250 ml Sulfolan vor- 
gelegt. Das Reaktionsgemisch wurde auf 80 bis 150 °C erwarmt. 
Nach deiri Abkuhlen wurde dreimal mit je 40 ml Dichlormethan 
extrahiert. Das erhaltene Rohprodukt wurde destillativ gerei- 
nigt . 

Ausbeute: 81,2 g (0,472 mol, 172 g mol" 1 ; 47,2 %) 

Kp.: 66 - 68 °C bei 10 mbar 

^-KMR: 1,3 6 ppm (Triplett, CH 3 ) ; 4,39 ppm (Quartett, CH 2 ) 
12 C-NMR: 13,79 ppm (Singulett, CH 3 ); 63,91 ppm (Singulett, 

CH 2 ); 106,24 ppm (Triplett, CF 2 ) ; 160,85 ppm 

(Triplett, CO) 
19 F-NMR; Singulett, CF 2 

Die LSslichkeit an Li [3SKSO2CF3) 2 ] betrug mehx als 2 mol/1. 



Beispiele 



B^ispi^ 1; 

Herstellung von Dif luormalonsaurediethylester o 




-KBr 
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Patentansprtiche 

1. Verwendung von Verbindungen der allgemeinen For~ 
mel (I) 

Ri-O-C (O) -CF 2 C (0) -0-R 2 

worin R 1 und R 2 gleich oder verschieden sind und fiir C1-C4- 
Alkyl oder fiir durch mindestens 1 Fluoratom substituierte£ 
Cl-C4-Alkyl stehen, als Losungsmittel in Elektrolyten, insbe- 
sondere von Lithium-Batterien mit erhohter Sicherheit. 

2. Verwendung nach Anspruch 1, wobei R 1 und R 2 gleich 
sind und Methyl, Ethyl, i-Propyl, n-Propyl oder 2,2,2-Tri- 
fluorethyl bedeuten. 

3. Verwendung nach Anspruch 1, dadurch gekennzeichnet, 
da& mindestens ein weiteres, aprotisches, nichtwaferiges Elek- 
trolyt losungsmittel eingesetzt .wird. 

4. Verbindung der allgemeinen Formel (I), worin R 1 und 
R 2 2, 2,2-Trif luorethyl bedeuten, 

5. Elektrolyt, umfassend eine Verbindung der allgemeinen 
Formel (I) und ein Leitsalz, vorzugsweise LiPF 6 . 

6. Elektrolyt, weiterhin umfassend mindestens ein weite- 
res aprotisches, nichtwa&riges Elektrolytlosungsmittel. 

7. Gemische, umfassend Verbindungen der Formel (I) und 
mindestens ein weiteres Elektrolytldsungsmittel m 

8. Verfahren zur Herstellung von Verbindungen der Formel 

(I) 
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R x -0-C (0) -CF 2 -C (O) -O-R 2 

worin R 1 und R 2 die oben angegebene Bedeutung besitzen, 
durch Umsetzung von Verbindungen der Formel (la) 

R 1 -0-C (0) -CBr 2 -C (0) -O-R 2 

mit Fluorierungsmitteln, insbesondere KF. 
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(54) Fluorinated carbonate electrolytes for use in a lithium secondary battery 



(57) A lithium secondary battery comprising a neg- 
ative electrode using as an active material at least one 
kind selected from the group of metallic lithium, lithium 
alloys or materials which are capable of electrochemi- 
cally occluding and releasing lithium ions, a positive 
electrode using as an active material at least one kind of 
compounds which are capable of electrochemically 
occluding and releasing lithium ions, and an organic 
electrolyte. It is characterized in that a solvent for the 
organic electrolyte is composed mainly of a mixture sol- 
vent prepared by mixing an organic solvent indicated by 
structure expression I, i.e. 4-trrfluoromethyl-1 ,3-diox- 
olane-2-one, with one kind selected from the group of 
organic solvent indicated by structure expression II, e.i. 
1-trrfluoroethylmethyrcarbonate, and/or an organic sol- 
vent indicated by structure expression III, i.e. di-1-trif- 
luoroethyl carbonate, as mentioned below. As a result of 
using the solvent which contains the above-mentioned 
mixture solvent as a main component for the electrolyte, 
a lithium secondary battery with improved high-rate dis- 
charge characteristics, cycle characteristics and safety 
characteristics is obtained. 
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Structure expression III 
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Descrlptl n 

FIELD OF THE INVENTION 

5 This invention relates to a lithium secondary battery 

BACKGROUND OF THE INVENTION 

With recent rapid progress in the field of the electric and electronic industries, electric and electronic devices have 
10 been made higher in performance, smaller in size and portable. As such, the development of these devices has gener- 
ated considerable demand for secondary batteries with high energy density which can be used for these electronic 
devices. 

As a secondary battery to be used for these electronic devices, lead acid batteries, Ni-Cd (nickel -cadmium) batter* 
ies or Ni-MH (nickel-hydrogen) batteries have been conventionally used. In addition to them, lithium secondary batter- 
15 ies which use metallic lithium or carbon material capable of electro-chamically occluding and releasing lithium ions as 
an active material of a negative electrode, and oxide materials containing lithium capable of electro-chemically occlud- 
ing and releasing lithium ions as an active material of a positive electrode, have been put into practice and widely used 
recently. 

Lithium secondary batteries of this kind have, as compared with other conventional batteries, high discharge volt- 
20 age and high energy density per unit volume or unit weight. Therefore it is said that they are the most promising sec- 
ondary batteries today. 

Presently as an electrolyte used in this kind of lithium secondary batteries, there has been used such a one that 
lithium salt such as LiPF 6 , etc. is dissolved in a non-aqueous mixture solvent wherein the main component is a mixture 
solvent of an organic solvent such as propylene carbonate, etc. , which has dielectric constant, and an organic solvent 
25 such as methyl ethyl carbonate, etc., which has low viscosity, (see Tokkai-Hei 6-13109) 

However, this kind of lithium secondary battery has such a problem that the organic solvents in the electrolyte is 
decomposed during charging, and the battery capacity is decreased by repetition of charge-discharged cycles. There- 
fore, the improvement in the length of battery life has been desired. 

Also, since these conventional electrolytes are combustible, the lithium secondary battery using this kind of elec- 
30 trolyte has such clangers as firing or explosion when it is mishandled, as compared with such batteries using the aque- 
ous electrolyte such as lead acid, Ni-Cd battery or Ni-MH battery. 

SUMMARY OF THE INVENTION 

35 An object of the present invention is to provide a lithium secondary battery which has equal or higher high-rate dis- 
charge characteristics and more excellent cycle characteristics than the conventional lithium secondary battery using 
the conventionally proposed electrolytes, by using an organic electrolyte including a mixture solvent which is more sta- 
ble chemically and electrically as compared with the conventional electrolytes. 

Another object of the present invention is to provide a lithium secondary battery which has, in addition to the excel - 

40 lent cycle life characteristics, a self-extinguishing characteristics of the electrolyte and is excellent in safety by limiting 
the electrolyte to the specif ic range. 

To achieve one object of the present invention among the above-mentioned objects, according to the present inven- 
tion, a lithium secondary battery is characterized in that a solvent for the organic electrolyte is composed mainly of a 
mixture solvent prepared by mixing an organic solvent indicated by structure expression I, i.e. 4-trif luorom ethyl- 1 ,3-diox- 

45 olane-2-one, and one kind or two selected from the group of organic solvents indicated by structure expression II, e.i. 
1 -trifluoroethylmethyl carbonate, and an organic solvent indicated by structure expression III, i.e. di-1 -trif luoroethyl car- 
bonate. 
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Structure expression I 
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To achieve the foregoing another object of the present invention, according to the present invention, a lithium sec- 

35 ondary battery is characterized in that the volume rate of the mixture solvent prepared by mixing the organic solvent 
indicated by structure expression I with one kind or two selected from the group of organic solvents indicated by struc- 
ture expression I! and structure expression III occupied in the whole solvent for the organic electrolyte is 65% or more 
when measured under environmental temperature of 25°C, and that the volume rate of the organic solvent indicated by 
structure expression I occupied in the mixture solvent is 35 % or more when measured under environmental tempera- 

40 ture of 25°C, and thereby there is offered the organic electrolyte having excellent self- extinguishing and safe character- 
istics in addition to the excellent cycle characteristics of the battery. 

Also, a lithium secondary battery, according to the present invention is characterized in that the volume rate of the 
mixture solvent prepared by mixing the organic solvent indicated by structure expression I with one kind or two selected 
from the group of organic solvents indicated by structure expression II and structure expression III which are occupied 

45 in the whole solvent for the organic electrolyte is 80% or more when measured under environmental temperature of 
25°C, and thereby there is offered the battery which is particularly good in cycle characteristics. 

And also, a lithium secondary battery, according to the present invention is characterized in that the volume rate of 
the mixture solvent prepared by mixing the organic solvent indicated by structure expression I with one kind or two 
selected from the group of organic solvents indicated by structure expression II and structure expression III occupied in 

so the whole solvent for the organic electrolyte is 80% or more when measured under environmental temperature of 25°C, 
and that the volume rate of the organic solvent indicated by structure expression I occupied in the mixture solvent pre- 
pared by mixing the organic solvent indicated by structure expression I with one kind or two selected from the group of 
organic solvents indicated by structure expression II and structure expression III is 35-65 % when measured under envi- 
ronmental temperature of 25°C, and thereby there is offered one of the most preferable batteries which is particularly 

55 good in high-rate discharge characteristics and cycle characteristics and is excellent in safety. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The preferred embodiments of the present invention will be described in details as follows. 



3 

04/22/2003, EAST Version: 1.03.0002 



EP 0 806 804 A1 



A lithium secondary battery according to the present invention makes no differences from conventional lithium sec- 
ondary batteries in constructional parts except for using an organic electrolyte prepared by dissolving at least one kind 
of lithium salts in a whole solvent has higher chemical and electrical stability than the conventional electrolytes. 

Here, the whole solvent which has higher stability chemically and electrically than the conventional electrolytes is 
5 mainly composed of the above-mentioned mixture solvent prepared by mixing the organic solvent indicated by structure 
expression I with one kind or two selected from the group of the organic solvents indicated by structure expression II 
and structure expression III. 

As for a solvent with high dielectric constant to be selectively used here, it is important that the solvent itself is high 
in chemically and electrically stable, but it is more important that the resultant mixture solvent prepared by mixing it with 

10 any other kind of solvent is also high in the above-mentioned stability. As a result of various and many investigations, it 
has been found that there is brought about excellent cycle characteristics when the mixture solvent prepared by mixing 
the organic solvent indicated by structure expression I with one kind or two selected from the group of the organic sol- 
vents indicated by structure expression II and structure expression III is used. 

Specific actions for offering the foregoing excellent cycle characteristics are unknown, but it is presumed that it is 

is due to the fact that the organic solvent itself indicated by structure expression I has the high chemical and electrical sta- 
bility and also due to the interactions between the organic solvent indicated by structure expression I and one kind or 
two selected from the group of the organic solvent indicated by structure expression II and the organic solvent indicated 
by structure expression III as resulted from the mixture thereof. 

Thus, if the mixture solvent prepared by mixing the organic solvent indicated by structure expression 1 with one kind 

20 or two selected from the group of the organic solvents indicated by structure expression II and structure expression III 
is present as a main component in the whole organic solvent for the electrolyte, there is brought about the excellent 
cycle characteristics. In that case, the inventors have found that if the volume rate of the mixture solvent occupied in the 
whole solvent for the organic electrolyte is 65% or more when measured under environmental temperature of 25°C and 
the volume rate of the organic solvent indicated by structure expression I occupied in the mixture solvent is 35% or more 

25 when measured under environmental temperature of 25°C, there can be provided a lithium secondary battery which 
has self-extinguishing characteristics of the electrolyte and is excellent in safety, in addition to the excellent cycle char- 
acteristics. These characteristic features are presumed to be due to the interactions between the respective solvents 
resulted from mixing the organic solvent indicated by structure expression I and one kind or two selected form the group 
of the organic solvents indicated by structure expression II and structure expression III. 

30 Thus, if the mixture solvent prepared by mixing the organic solvent indicated by structure expression I with one kind 
or two selected from the group of the organic solvents indicated by structure expression II and structure expression III 
is present as a main component for the whole solvent, there can be an excellent cycle characteristics. Furthermore, the 
inventors also have found that if the volume rate of the mixture solvent occupied in the whole solvent for the organic 
electrolyte is 80 % or more when measured under environmental temperature of 25°C, there can be obtained a lithium 

35 secondary battery which is especially excellent in cycle characteristics. The inventors assume that the reason for this 
is because the actions (influence®) of other solvent(s) than the solvents indicated by structure expressions I, II and III 
are hardly presented under environmental temperature of 25°C if the volume rate of the mixture solvent in the whole 
solvent is 80 % or more. 

Here, solvents used in the electrolyte other than the solvents indicated by structure expressions I, II and III can be, 

40 for example, cyclic esters such as propylene carbonate, ethylene carbonate, butylene carbonate, y-butyrolactone, 
vinylene carbonate, 2-methyl-y-butyrolactone, acetyl-y-butyrolactone and y-valerolactone, chain esters such as dimethyl 
carbonate, methyl ethyl carbonate, propyl methyl carbonate, methyl butyl carbonate, diethyl carbonate, propyl ethyl car- 
bonate, ethyl butyl carbonate, dipropyl carbonate, butyl propyl carbonate, dibutyl carbonate, alkyl propionates ester, 
dialkyl malonates ester and alkyl acetate ester, cyclic ethers such as alkyl acetates, tetrahydrofuran, alkyl tetrahydro- 

45 f uran, dialkyl tetrahydrofuran, alkoxy tetrahydrofuran, dialkoxy tetrahydrofuran, 1 ,3-dioxolane, alkyl-1 ,3-dioxolane, 1 ,4- 
dioxolane, etc. and chain ethers such as 1 ,2-dimethoxyethane, 1 ,2-diethoxyethane, diethyl ether, ethylene glycol dialkyl 
ether, diethylene glycol dialkyl ether, triethylene glycol dialkyl ether and tetraethylene glycol dialkyl ether. However, it is 
not necessary to be limited to the solvents as listed above. 

Thus, if the mixture solvent prepared by mixing the organic solvent indicated by structure expression I with one kind 

so or two selected from the group of the organic solvents indicated by structure expression II and structure expression III 
is present in the whole solvent as main component, there is brought about an excellent characteristics. Further, the 
inventors have also found that it is preferable that the volume rate of the mixture solvent occupied in the whole solvent 
for the organic electrolyte is 80 % or more when measured under environmental temperature of 25°C, and the volume 
rate of the organic solvent indicated by structure expression I occupied in the mixture solvent is 35-65 % when meas- 

55 ured under environmental temperature condition of 25°C. More in detail, the inventors have found that especially when 
the volume rat of the organic solvent indicated by structure expression I is limited in the above range, there can be 
obtained a lithium secondary battery which has an especially high specific electric conductivity, and thus there can be 
obtained a large discharge capacity even if it is discharged with a current in a wide range of 0.2CA - 2.5CA, in addition 
to the especially excellent cycle characteristics and a high safety resulted from the self-extinguishing charact ristics of 
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the electrolyte. And, if the foregoing volume rate of the organic solvent indicated by structure expression I is less than 
35%, the lithium salt can not be dissociated sufficiently, resulting in decrease in the specific electric conductivity and 
increase in the internal resistance of the battery, so that it becomes difficult to take out a sufficient capacity. On the other 
hand, if the volume rate thereof is more than 65%, the viscosity of the electrolyte is increased, resulting in decrease in 

5 mobility of lithium ions and decrease in the specific conductivity and increase in the internal resistance. 

As to lithium salts to be dissolved in the whole solvent for the electrolyte, any kind which is capable of dissociating 
in the organic solvent and releasing lithium ions can be used. For example, there are inorganic lithium salt such as 
LiCI0 4 , LiBF 4 , UPF 6 , LiAsF 6 , LiCI, LiBr etc., and organic lithium salt such as LiB(C 6 H 5 ) 4 , LiN(S0 4 CF 3 ) 2 , LiC(S0 2 CF 3 ) 3 , 
LiOS0 2 CF 3 etc.. Among the above lithium salts, fluorine-containing lithium salts are preferable in terms of safety, and 

w especially LiPF 6 alone or a mixture composed mainly of LiPF 6 mixed with any other lithium salt(s) are preferable 
because of its high electro-conductivity. 

The active materials to be used for the positive electrode are, for example, lithium-containing complex oxides such 
as LiCo0 2 , LiNi0 2 , LiMn0 2 or LiMn 2 0 4 , etc., or chalcogen compounds such as Ti0 2 , Mn0 2 , Mo0 3 , V 2 0 5 , TiS 2 , MoS^ 
etc.. Specially, a lithium compound having a structure of <x-NaCr0 2 such as LiCo0 2 , UNi0 2 , UMn0 2 etc. or LiMn 2 0 4 

15 etc. are more preferable because of its high discharge voltage and electro-chemical stability. 

EMBODIMENT EXAMPLES 

The embodiment examples of the present invention will be explained concretely as follows, but the present inven- 

20 tion is not to limit to them. 

LiCo0 2 powder as an active material for a positive electrode, graphite powder as an electro-conductive agent, poly- 
fouoro vinylidene resin as a binder, and N-methyl-2-pyrolidone as a solvent for the binder were stirred to be mixed by a 
homogenizer to obtain a slurry active material mixture for a positive electrode. One side of an electric collector made of 
aluminum foil was coated with this slurry mixture using a slot die coater, and thereafter dried at 130°C in an oven to 

25 remove the solvent. The other side of the electric collector was coated therewith, and thereafter the solvent was 
removed by the same manner as above in order to coat both sides of the electric collector with active material mixture. 
Then, it was pressed with a roller press and heated in a vacuum oven to remove the moisture to obtain a positive elec- 
trode. 

On the other hand, a negative electrode was made in such a manner that carbon powder capable of electro-chem- 
30 ically occluding and releasing lithium ions, styrene-butadiene rubber type resin and ethyl acetate was stirred to be 
mixed by a homogenizer to obtain a slurry active material mixture. This slurry active material mixture coated on one side 
of an electric collector made of copper foil using a slot die coater, and thereafter it was dried in an oven at 130°C to 
remove the solvent. The other side of the electric collector was also coated therewith and the solvent was removed in 
the same manner as above. The electric collector with the active material mixture on both sides thereof thus obtained 
35 was then subjected to a heat treatment so as to cure styrene butadiene rubber type resin, and then pressed with a 
heated roller press and was then dried to remove the moisture to obtain a negative electrode. 

1. Evaluation of cycle characteristics 

40 The positive electrode and the negative electrode thus obtained were stacked one upon another through a separa- 
tor made of micro porous resin film which has a three-dimensional (sponge-like) structured polyeolefine resins ( poly- 
ethylene, polypropylene or a copolymer thereof). And it was wound to form a spiral electrode assembly. The spiral 
electrode assembly thus obtained was put in a tubular container made of stainless steel. The opening of the container 
was closed with a cover, and after an electrolyte was poured, to obtain a sealed lithium secondary battery of AA-size 

45 with 500 mAh rated capacity. 

In the course of manufacturing a lot of the foregoing batteries, the batteries were poured with respective electro- 
lytes prepared by dissolving LiPF 6 as a solute in the respective whole solvents for the electrolytes corresponding to 
examples A - AG, comparative example A and conventional examples A - C having the respective compositions in the 
volume ratios of component solvents, when measured at 25°C as shown in Table 1 , so as to become the concentration 

so of the solute 1 mol/l. 

In Table 1, [A] represents the volume rate of the mixture solvent prepared by mixing the organic solvent indicated 
by structure expression I with one kind or two selected from the group of the organic solvents indicated by structure 
expressions II and III occupied in the whole solvent at temperature of 25°C. [B] represents the volume rate of other sol- 
vents than the organic solvents indicated by structure expressions I, II and III occupied in the whole solvent at a tem- 
55 perature of 25° C. [A1] represents the volume rate of the organic solvent indicated by structure expression I occupied in 
the mixture solvent of the organic solvents indicated by structure expressions I, II and III at a temperature of 25°C. [A2] 
represents the volume rate of one kind or two selected from the group of the organic solvents indicated by structure 
expressions II and III occupied in the mixture solvent of the organic solvents indicated by structur expressions I, II and 
III at a temperature of 25°C. [II] represents the volume rate of the organic solv nt indicated by structure expression II 
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occupied in the mixture solvent indicated by structure expressions II and III at a temperature of 25°C. [Ill] represents the 
volume rate of the organic solvent indicated by structure expression Hi occupied in the mixture solvent indicated by 
structure expr ssions II and III at a temperature of 25°C. Further, PC stands for propylen carbonate and MEC stands 
for methyl ethyl carbonate. 

TABLE 1 







Composition of solvents for electrolytes (volume %) 


10 








{A] 








[B] 










Composition of [A) 














[A1] 


[A21 






















Composition of [A2] 




Composition of [B] 


15 










[H] 


till] 




PC 


MEC 


Example A 


50 


50 


50 


100 


0 


50 


100 


0 




Example B 


60 


50 


50 


100 


0 


40 


100 


0 




Example C 


70 


50 


50 


100 


0 


30 


100 


0 




Example D 


80 


50 


50 


100 


0 


20 


100 


0 


20 


Example E 


90 


50 


50 


100 


0 


10 


100 


0 




Example F 


100 


50 


50 


100 


0 


0 


- 


- 




Example G 


50 


50 


50 


0 


100 


50 


0 


100 




Example H 


60 


50 


50 


0 


100 


40 


0 


100 


25 


Example 1 


70 


50 


50 


0 


100 


30 


0 


100 




Example J 


80 


50 


50 


0 


100 


20 


0 


100 




Example K 


'90 


50 


50 


0 


100 


10 


0 


100 




Example L 


100 


50 


50 


0 


100 


0 


- 


- 


30 


Example M 


50 


50 


50 


50 


50 


50 


50 


50 




Example N 


60 


50 


50 


50 


50 


40 


50 


50 




Example 0 


70 


50 


50 


50 


50 


30 


50 


50 




Example P 


80 


50 


50 


50 


50 


20 


50 


50 


35 


Example Q 


90 


50 


50 


50 


50 


10 


50 


50 


Example R 


100 


50 


50 


50 


50 


0 








Example S 


100 


30 


70 


100 


0 


0 








Example T 


100 


35 


65 


100 


0 


0 








Example U 


100 


55 


45 


100 


0 


0 






40 


Example V 


100 


65 


35 


100 


0 


0 








Example W 


100 


70 


30 


100 


0 


0 








Example X 


80 


30 


70 


0 


100 


20 


50 


50 




Example Y 


60 


35 


65 


0 


100 


20 


50 


50 


45 


Example Z 


80 


55 


45 


0 


100 


20 


50 


50 




Example AA 


80 


65 


35 


0 


100 


20 


50 


50 




Example AB 


80 


70 


30 


0 


100 


20 


50 


50 




Example AC 


70 


30 


70 


50 


50 


30 


50 


50 


50 


Example AO 


70 


35 


65 


50 


50 


30 


50 


50 




Example AE 


70 


55 


45 


50 


50 


30 


50 


50 




Example AF 


70 


65 


35 


50 


50 


30 


50 


50 




Example AG 


70 


70 


30 


50 


50 


30 


50 


50 


55 


Comparative 
example A 


50 


100 


0 






50 


0 


100 



to be continued 
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TABLE 1 continued 







Composition of solvents f relectro/yt s 


(volume %) 










[A] 










[B] 








Composition of [A] 














[A1J 


[A2] 






















Composition of [A2] 






composition of [B\ 












[III] 






PC 


MEC 


Conventional 
example A 


0 










100 


50 


50 


Conventional 
example B 


50 


0 


100 


100 


0 


50 


100 


0 


Conventional 
example C 


50 


0 


100 


0 


100 


50 


100 


0 



Each of the batteries thus manufactured was charged and discharged repeatedly 1 0 cycles for the initial activation 
20 in such a manner that it was charged with a current density of 0.2CmA, at a temperature of 25°C until the battery voltage 
reached 4.2V, and after allowed to stand for ten minutes, it was discharged with the same current as above until the bat- 
tery voltage became 2.75V, and it was then allowed to stand for ten minutes, and the same charging as above was car- 
ried out again. Thereafter, for measuring the cycle characteristics, a life test was carried out for each of the batteries in 
such a manner that it was charged with a current of 0.2CmA, at a temperature of 25°C, until the battery voltage reached 
25 4.2V, and after it was allowed to stand for ten minutes, it was discharged with a current of 0.7CmA until the battery volt- 
age became 2.75V, and after, it was allowed to stand for ten minutes, the same charging was carried out again. Here, 
the battery life is determined by the number of charge / discharge cycles counted until a discharge capacity of the each 
battery has been reduced to 70 % of the discharge capacity thereof at the first cycle in the life test. The result thereof 
is show in Table 2 below. 

30 
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TABLE 2 





Battery life (cycle) 




Battery life (cycle) 


Example A 


388 


Example T 


547 


Example B 


432 


Example U 


576 


Example C 


478 


Example V 


532 


Example D 


547 


Example W 


528 


Example E 


591 


Example X 


500 


Example F 


589 


Example Y 


512 


Example G 


368 


Example Z 


538 


Example H 


399 


Example AA 


535 


Example I 


444 


Example AB 


421 


Example J 


532 


Example AC 


392 


Example K 


544 


Example AD 


434 


Example L 


547 


Example AE 


428 


Example M 


373 


Example AF 


409 


Example N 


411 


Example AG 


367 


Example 0 


427 


Comparative example A 


323 


Example P 


502 


Conventional example A 


286 


Example Q 


531 


Conventional example B 


345 


Example R 


575 


Conventional example C 


307 


Example S 


523 







Examples A - AG which are the batteries made according to the present invention exhibit longer in life as compared 
with conventional examples A - C which are conventionally made batteries and with comparative example A which is a 
battery made for comparison. Accordingly, it has been found therefrom that the electrolytes according to the present 
invention are effective in improving the cycle characteristics of the lithium secondary batteries. 

Furthermore, especially, examples D - F, examples J - L and examples P - R, among examples A - R, in which the 
volume rate of the mixture solvent prepared by mixing the organic solvent indicated by structure expression I with one 
kind or two selected from the group of the organic solvents indicated by structure expression II and structure expression 
III are 80% or more of the whole solvent under environmental condition of 25°C, exhibit more than 500 cycles which 
prove longer life than the other examples each in which the volume rate thereof is less than 80%. Also, it has been found 
therefrom that if the volume rate of the mixture solvent prepared by mixing the organic solvent indicated by structure 
expression I with one kind or two selected from the group of the organic solvents indicated by structure expression li 
and structure expression III is 80% or more of the whole solvent under environmental condition of 25°C, it is much effec- 
tive in improvement in the cycle characteristics of the lithium secondary batteries. 

2. Evaluation of discharge capacity 

The above-mentioned positive electrode and negative electrode were stacked one upon another through a separa- 
tor made of a microporous resin film having a three dimensional sponge-like structure of such a polyolef ine resin as pol- 
yethylene, polypropylene or a copolymer thereof, and it was wound to form a spiral electrode assembly. The spiral 
electrode assembly thus obtained was put in a tubular container made of stainless steel. The opening of the container 
was closed with a cover, after an electrolyte was poured, to obtain a lithium secondary battery of AA-size. 

In the cours of manufacturing a lot of the for going batteries, the batteries wer poured with respective electro- 
lytes prepared by dissolving LiPF 6 as a solute in the respectiv whole solvent for the electrolyte corresponding to exam- 
ples F, L and R-AG and conventional example A having the respective compositions in the volume ratios of the 
component solvents when measured at 25° C as shown in Table 1, so as to become the concentration of the solute 1 
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mol/l. 

Each of the batt ries thus manufactured was charged and discharged repeatedly 10 cycles for the initial activation 
in such a manner that it was charged with a current of 0.2CmA, at a temperature of 25°C until the battery voltage 
reached 4.2V, and after allowed to stand for ten minutes, it was discharged with the same current as above until the bat- 

5 tery voltage became 2.75V, and after it was allowed to stand for ten minutes, the same charging as above was carried 
out again. Thereafter, a discharge capacity test was carried out for each battery in such a manner that it was charged 
with a current of 0.2CmA , at a temperature of 25°C. until the battery voltage reached 4.2V, and after it was allowed to 
stand for ten minutes, it was discharged with a current of 1CmA until the battery voltage became 275V. The result of 
measuring the discharge capacity of each battery is shown in Table 3 below. Those lithium secondary batteries were 

10 so designed as to obtain the same capacity by including the same amounts of the active materials in the positive and 
negative electrodes. 



TABLE 3 





Discharge Capacity 
(mAh) 




Discharge Capacity 
(mAh) 


Example F 


532 


Example Z 


513 


Example L 


524 


Example AA 


501 


Example R 


500 


Example AB 


466 


Example S 


468 


Example AC 


483 


Example T 


519 


Example AD 


510 


Example U 


507 


Example AE 


507 


Example V 


500 


Example AF 


503 


Example W 


466 


Example AG 


471 


Example X 


471 


Conventional Example A 


467 


Example Y 


512 







It has been found therefrom that examples F, L and R-AG, which are the batteries made according to the present 
35 invention, are all provided with equal or more discharge capacity to or than the conventional batteries and enough to be 
acceptable as a practical use. in spite of such a large discharge current that is 1CA t and especially, examples F, L R, 
T - V t Y-AA and AD - AF, in which the volume rate of the mixture solvent prepared by mixing the organic solvent indicated 
by structure expression I with one kind or two selected from the group of the organic solvents indicated by structure 
expressions II and III is more 80% or more of the whole solvent, when measured under environmental temperature of 
40 25°C, and the volume rate of the organic solvent indicated by structure expression I occupied in the mixture solvent pre- 
pared by mixing the organic solvent indicated by structure expression I with one kind or two selected from the group of 
the organic solvents indicated by structure expressions II and III is in the range of 35 - 65 % when measured under envi- 
ronmental temperature of 25°C, exhibit such a large discharge capacity that is more than 500mAh, and thus there can 
be obtained lithium secondary batteries which are excellent also in the high-rate discharge characteristics, in addition 
45 to the above-mentioned much excellent cycle characteristics. 

3. Evaluation of self -extinguishing characteristics 

The following test was carried out for confirming self-extinguish characteristics of the electrolytes used for the bat- 
so teries of the present invention. 

Various electrolytes were prepared by dissolving LiPF 6 as a solute in the respective whole solvent corresponding 
to the example AH - ER having the respective composition in the volume ratios of the component solvents at 25°C as 
shown in Table 4, so as to become the concentration of the solute 1 mol/l. Here, in Table 4, [A] t [B], [A1], [A2], [II] and 
[III] respectively represent the same as in Table 1 . PC stands for propylene carbonate and MEC stands for methyl ethyl 
55 carbonate. 
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TABLE 4 





Composition of solvents for electrolytes (volume %) 




[A] 


[B] 




Composition of [A] 


[A1] 




(A2! 

Composition of [A2] 








till] 




kind of solvent 


Example AH 


65 


35 


65 


100 


0 


35 


PC 


Example Al 


70 


35 


65 


100 


0 


30 


PC 


Example AJ 


• 80 


35 


65 


100 


0 


20 


PC 


Example AK 


90 


35 


65 


100 


0 


10 


PC 



to be continued 
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TABLE 4 continued 







Composition of solvents for electrolytes (volume %) 










[A] 








TBI 


5 






Composition of [A] 












[A1] 




[A2] 


















Composition of [A2] 
















Nil 






kind of solvent 


10 


C vamnl o A. 1 
example r\\m 


RR 


JO 




o 


100 


35 


PC 




CXampiu rtWI 


/ u 


t.r 
jo 


Rl 
OO 


o 


100 


30 


PC 




Cwamnlo AK1 

example nn 


ou 


Jo 


RR 
OO 


o 


100 


20 


PC 




example o*-/ 




JO 


RR 
00 


o 


100 


10 


PC 


15 


txampie Mr* 


1UU 


ir 
JO 


RR 
OO 


o 


100 


o 




Example AQ 


RR 
DO 


ac 
JO 


RR 
OO 






35 


PC 




example nr\ 


7ft 


on 

Jo 


RR 
OO 


50 


50 


30 


PC 




example ao 


on 
ou 


35 


OO 


50 


50 


20 


PC 




Cv^mnlA AT 

example f\ 1 


on 


JO 


oo 


50 


50 


10 


PC 


20 


example 




30 


OO 


50 


50 


o 






example av 


RR 
OO 


JO 


RR 

OO 


100 


0 


35 


MEC 




example aw 


7ft 


JO 


RR 
OO 


100 


o 


30 


MEC 




Pvomnlp A ¥ 
example a/\ 


nn 
ou 


JO 


RR 
OO 


100 


o 


20 


MEC 


25 


example a t 


on 


*4R 
JO 


RR 
DO 


100 


o 


10 


MEC 




Cvomnlo A7 

example az. 


ft*; 

DO 


oc 
JO 


RR 
00 


o 


100 


35 


MEC 




Pvamnla DA 

example or> 


7n 


30 


RR 
DO 


o 


100 


30 


MEC 




Pvamnla RR 


Aft 
OU 


•jr 

JO 


RR 
OO 


o 


100 


20 


MEC 


30 


example do 


DO 


JO 


RR 
DO 


50 


50 


35 


MEC 


Cw amnio RD 
example DU 


7ft 
f u 


^r 

oO 


RR 
DO 


50 


50 


30 


MEC 




LAal Mpic UL 


nn 

DU 


Jo 


RR 
OO 


50 


50 


20 


MEC 




example or 




JO 


RR 
DO 


50 


50 


o 






FvamnlA RG 
example ovj 


RR 
DO 


DU 


cn 
OU 


100 


o 


35 


PC 


35 


example on 


DO 


OU 


Rft 
OU 


o 


100 


35 


PC 




example di 


7rt 
/u 


cn 
00 


Rn 
OU 


o 


100 


ou 


PC 




Ev amnio R t 

example oj 


ou 


cn 

50 


cn 
Ou 


0 


100 


20 


PC 




example Dr\ 


on 

%?u 


cn 
OU 


RA 
OU 


0 


100 


10 


PC 


40 


PvamnlA Rl 
example DL 


RR 
OO 


50 


50 


50 


50 


35 


PC 




Pvsmnlp RM 


7ft 


50 


50 


50 


50 


30 


PC 




F*amnlp RN 


80 


50 


50 


50 


50 


20 


PC 




Example BO 


90 


50 


50 


50 


50 


10 


PC 


45 


example BP 


65 


50 


50 


100 


0 


35 


MEC 


Example BQ 


70 


50 


50 


100 


0 


30 


MEC 




Example BR 


80 


50 


50 


100 


0 


20 


MEC 




Example BS 


90 


50 


50 


100 


0 


10 


MEC 




example BT 


65 


50 


50 


0 


100 


35 


MEC 


50 


Example BU 


65 


50 


50 


50 


50 


35 


MEC 




Example BV 


70 


50 


50 


50 


50 


30 


MEC 



to be continued 
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TABLE 4 continued 







Composition of solvents for electrolytes (volume %) 










[A] 








IB] 


5 






Composition of [A] 












[A1] 




[A2] 


















Composition of [A2] 
















[II] 


[III] 




kind of solvent 


10 


Example BW 


80 


50 


50 


50 


50 


20 


MEC 




Example BX 


90 


50 


50 


50 


50 


10 


MEC 




Example BY 


65 


60 


40 


100 


0 


35 


PC 




Example BZ 


70 


60 


40 


100 


0 


30 


PC 


15 


Example CA 


80 


60 


40 


100 


0 


20 


PC 




Example C8 


90 


60 


40 


100 


0 


10 


PC 




Example CC 


100 


60 


40 


100 


0 


0 






Example CD 


65 


60 


40 


0 


100 


35 


PC 


20 


Example CE 


70 


60 


40 


0 


100 


30 


PC 


Example CF 


80 


60 


40 


0 


100 


20 


PC 




Example CG 


90 


60 


40 


0 


100 


10 


PC 




Example CH 


100 


60 


40 


0 


100 


0 






Example CI 


65 


60 


40 


50 


50 


35 


PC 


25 


Example CJ 


70 


60 


40 


50 


50 


30 


PC 




Example CK 


80 


60 


40 


50 


50 


20 


PC 




Example CL 


90 


60 


40 


50 


50 


10 


PC 




Example CM 


100 


60 


40 


50 


50 


0 




30 


Example CN 


65 


60 


40 


100 


0 


35 


MEC 




Example CO 


70 


60 


40 


100 


0 


30 


MEC 




Example CP 


80 


60 


40 


100 


0 


20 


MEC 




Example CQ 


90 


60 


40 


100 


0 


10 


MEC 


35 


Example CR 


65 


60 


40 


0 


100 


35 


MEC 




Example CS 


70 


60 


40 


0 


100 


30 


MEC 




Example CT 


80 


60 


40 


0 


100 


20 


MEC 




Example CU 


90 


60 


40 


0 


100 


10 


MEC 


40 


Example CV 


65 


60 


40 


50 


50 


35 


MEC 


Example CW 


70 


60 


40 


50 


50 


30 


MEC 




Example CX 


80 


60 


40 


50 


50 


20 


MEC 




Example CY 


90 


60 


40 


50 


50 


10 


MEC 




Example CZ 


65 


80 


20 


100 


0 


35 


PC 


45 


Example OA 


70 


80 


20 


100 


0 


30 


PC 




Example DB 


80 


80 


20 


100 


0 


20 


PC 




Example DC 


90 


80 


20 


100 


0 


10 


PC 




Example DD 


100 


80 


20 


100 


0 


0 




50 


Example DE 


65 


80 


20 


0 


100 


35 


PC 




Example OF 


70 


80 


20 


0 


100 


30 


PC 



to be continued 
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TABLE 4 continued 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Composition of solvents for electrolytes (volume %) 







[A] 


[B] 




Composition of [A) 


[A1] 




[A2] 

Composition of (A2] 






["I] 


[III] 




kind of solvent 


Example DG 


BO 


80 


20 


0 


100 


20 


PC 


Example DH 


90 


80 


20 


0 


100 


10 


PC 


Example Dl 


100 


80 


20 


0 


100 


0 




Example DJ 


65 


80 


20 


50 


50 


35 


PC 


Example DK 


70 


80 


20 


50 


50 


30 


PC 


Example DL 


60 


80 


20 


50 


50 


20 


PC 


Example DM 


90 


80 


20 


50 


50 


10 


PC 


Example DN 


100 


60 


20 


50 


50 


0 


~ 


Example DO 


65 


80 


20 


100 


0 


35 


MEC 


Example DP 


70 


80 


20 


100 


0 


30 


MEC 


Example DQ 


60 


60 


20 


100 


0 


20 


MEC 


Example DR 


90 


80 


20 


100 


0 


10 


MEC 


Example DS 


65 


80 


20 


0 


100 


35 


MEC 


Example DT 


70 


80 


20 


0 


100 


30 


MEC 


Example DU 


80 


80 


20 


0 


100 


20 


MEC 


Example DV 


90 


80 


20 


0 


100 


10 


MEC 


Example DW 


65 


80 


20 


50 


50 


35 


MEC 


Example DX 


70 


80 


20 


50 


50 


30 


MEC 


Example DY 


80 


80 


20 


50 


50 


20 


MEC 


Example DZ 


90 


80 


20 


50 


50 


10 


MEC 


Example EA 


60 


35 


65 


100 


0 


40 


PC 


Example EB 


60 


35 


65 


0 


100 


40 


PC 


Example EC 


60 


35 


65 


50 


50 


40 


PC 


Example ED 


60 


35 


65 


100 


0 


40 


MEC 


Example EE 


60 


35 


65 


0 


100 


40 


MEC 


Example EF 


60 


35 


65 


50 


50 


40 


MEC 


Example EG 


65 


30 


70 


100 


0 


35 


PC 


Example EH 


65 


30 


70 


0 


100 


35 


PC 


Example El 


65 


30 


70 


50 


50 


35 


PC 


example Z~<J 


65 


30 


70 


100 


0 


35 


MEC 


Example EK 


65 


30 


70 


0 


100 


35 


MEC 


Example EL 


65 


30 


70 


50 


50 


35 


MEC 


Example EM 


60 


30 


70 


100 


0 


40 


PC 


Example EN 


60 


30 


70 


0 


100 


40 


PC 


Example EO 


60 


30 


70 


50 


50 


40 


PC 


Example EP 


60 


30 


70 


100 


0, 


40 


MEC 


Example EQ 


60 


30 


70 


0 


100 


40 


MEC 


Example ER 


60 


30 


70 


50 


50 


40 


MEC 



55 



Also, various mixture electrolytes w re prepared by dissolving LiPF 6 as a solute in the respective wh I solvents 
for the electrolytes corresponding to examples C, D, E p F, L, R and T, comparative example A, and conventional exam- 
ples A -C having the respective compositions in the volume ratios of the comp nent solvents as shown in Table 1 , so 
as to adjust the solute concentration to 1 mot/I. 
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Self-extinguishing characteristics of each of the electrolytes prepared as above was examined by a test where 
sheets of paper were immersed in the respective electrolytes to be tested, and were then set fire by a flame of a burner 
and thereafter the flame was put out. Thus th self-extinguishing characteristics was confirmed by observing as to 
whether the firing was still continued or discontinued when the flame was put out. The results of self-extinguishing char- 
acteristics are shown in Table 5 below. 

TABLE 5 





IIIC V*UIH1IIUCU / UldlrwMUIIUOU 




fire continued / discontinued 


example /"\n 


ftr* riicfv^ntfm lorl 
ill ~ uiaujiiunucu 




fire discontinued 

III C VJOwVIIMIIUQU 


example mi 


Hits uiauoriunueu 


Pvamnlo Q | 


IMC UOvvl III! IUCU 


Cwamrtla A I 

cxampic r\J 


lire ui3(A)iuinucu 


Fvamrilp RK 


firo riiacnnttniipd 

III 7 UlSwyllUIIUCVJ 


txampie r\w 


fira HiefnnHm tort 

Tire uiswiiunuBu 


Pwamnlo Rl 


f!rr> rttQcnntinifpH 
iiic uia^ui nil iucu 


Example AL 


Tire uiscuniinucu 


exaiiifjie djvi 


iiic ui^^ui mi iubu 


Cvnmnm A K 4 

example mivi 


tiro nie/^Antini mH 
lilt? UlaCUTlUflUCU 


CAaiiific Oiv 


IIIC UOvVlltlllUCU 


example mix 


Tire? ui5UJiHinucu 


Fvamnl^ RD 

LAa II J |J 1 w UL/ 


fir«» Hi^foniirtupcl 

111 ^ UlSuVlltll IU V>J 


example au 


lift? Uf9vV(lLlf IU<7U 


Fyflmnle RP 

CAOi I f£/i w or 


firp fii*TCf>nfinusd 


CXompic nr 


firo ffi«r*nrti int iPrl 

1116 UI9LAJIIUMUC7U 


FxamnlA RO 


firp rfiscnntinupd 

1 \ 1 ^ UUwUI IUI JUwU 


example asvj 


ft rex rtic.fnrii int tori 
(lit? UloLiUf IUIIUCU 


Fyamnfft RR 


firp disrontinupd 


f vamnla Af? 
eXcuTipic nr\ 


fir© rlic/TintimipH 

(IfC Ulat*Ul ILK IUCU 


Example BS 


fire discontinued 




firp riicrrtntiniiprf 


Example BT 


fire discontinued 


example r\ t 


Fir© rlic^nntim iaH 


Example BU 


fire discontinued 


P vonrinle AU 


fire discontinued 

III w MltfwvlHIIIUvU 


Example BV 


fire discontinued 


Example AV 


fire discontinued 


Example BW 


fire discontinued 


Example AW 


fire discontinued 


Example BX 


fire discontinued 


Example AX 


fire discontinued 


Example BY 


fire discontinued 


Example AY 


fire discontinued 


Example BZ 


fire discontinued 


Example AZ 


fire discontinued 


Example CA 


fire discontinued 


Example BA 


fire discontinued 


Example CB 


fire discontinued 


Example BB 


fire discontinued 


Example CC 


fire discontinued 


Example BC 


fire discontinued 


Example CD 


fire discontinued 


Example BD 


fire discontinued 


Example CE 


fire discontinued 


Example BE 


fire discontinued 


example CF 


fire discontinued 


Example BF 


fire discontinued 


example CG 


fire discontinued 


Example BG 


fire discontinued 


Example CH 


fire discontinued 


Example BH 


fire discontinued 


Example CI 


fire discontinued 



to be continued 
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TABLE 5 continued 







fire continued f discontinued 




ft*** rt^ntim toH / riiacnnllniipH 
lire Guiuiiiucv t ui;»\ajihii »ucu 




Example CJ 


fire discontinued 


example uv 


■ire o iscui hii iuovi 


5 


Example CK 


fire discontinued 


g_ ILJB1-I.I.M. P\\A/ 

example uw 


itre Qiscununuvu 




Example CL 


fire discontinued 


example ua 


lire oisconunucu 




Example CM 


fire discontinued 


example ut 


Tiro UI5UUIIUIIUCVJ 




Example CN 


fire discontinued 


example uc 


lire aisconunueu 


10 


Example CO 


fire discontinued 


Example EA 


Tire coniinueu 


Example CP 


fire discontinued 


CwammIa CD 

Example bo 


lire conunuea 




Example CQ 


fire discontinued 


Example EC 


Tire coniinuea 




Example CR 


fire discontinued 


Example ED 


nre conunuea 




Example CS 


fire discontinued 


Example EE 


fire continued 


15 


Example CT 


fire discontinued 


Example FE 


fire continued 




Example CU 


fire discontinued 


Example EG 


fire continued 




Example CV 


fire discontinued 


Example en 


fire continued 




Example CW 


fire discontinued 


Example cl 


fire continued 




Example CX 


fire discontinued 


Example cJ 


fire continued 


20 


Example CY 


fire discontinued 


Example ex 


fire continued 




Example CZ 


fire discontinued 


example el 


fire continued 




Example DA 


fire discontinued 


Example EM 


fire continued 




Example DB 


fire discontinued 


example cin 


nre cununueu 


25 


Example DC 


fire discontinued 


example t<j 


nre conunuea 




Example DO 


fire discontinued 


example tr 


fire continued 




Example DE 


fire discontinued 


exampie tvj 


fire continued 




Example DF 


fire discontinued 


example en 


fire continued 




Example DG 


fire discontinued 


Example C 


fire discontinued 


30 


Example DH 


Tire discontinued 


Example D 


nre aisconiinucu 




example ui 


fire* HicrvMitlnuori 


Pvamnlft P 


fire discontinued 




Example DJ 


fire discontinued 


Example F 


Tire discontinued 




Example DK 


fire discontinued 


Example 1 


fire discontinued 




Example DL 


fire discontinued 


Example J 


fire discontinued 


35 


Example DM 


fire discontinued 


example K 


fire discontinued 




Example DN 


fire discontinued 


Example L 


fire discontinued 




Example DO 


fire discontinued 


Example R 


fire discontinued 




Example DP 


fire discontinued 


Example T 


fire discontinued 


40 


Example DQ 


fire discontinued 


Comparative 


fire continued 






Example A 






Example DR 


fire discontinued 


Conventional 
Example A 


fire continued 




Example DS 


fire discontinued 


Conventional 


fire continued 


45 






Example B 




Example DT 


fire discontinued 


Conventional 
Example C 


fire continued 




Example DU 


fire discontinued 





As it is obvious from Table 5, while the electrolytes corresponding to conventional examples A - C and comparative 
example A continued firing even after putting out fie burner's flame, the electrolytes corresponding to examples AH - 
DZ and examples and C, D, E, F. L, R and T used for the battery according to the present invention self-extinguished 
55 after putting out the burner's flame, and thus their self -extinguishing characteristics have been confirmed. However, it 
has been also confirmed that the electrolytes corresponding t examples EA-ER have no self -extinguish characteris- 
tics, because the firing thereof continued even after putting out th burner's flame. Therefore, it has been concluded that 
the electrolytes wherein the volume rate of the mixture solvent prepared by mixing the organic solvent indicated by 
structure expression I with one kind or two s lected from the group of the organic solv nts indicated by structure 
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expression It and structure expression III is 65% or more of the whole solvent when measured under environmental 
temperature ol 25°C, and the volume rat of the organic solvent indicated by structure expression I is 35 % or more of 
the mixture solvent when measured under environmental temperature of 25°C, have more improved in self-extinguish- 
ing characteristics. Using such a specific range of electrolyte, a lithium secondary batt ry with high safety characteris- 
5 tics can be supplied. 

Thus, according to the present invention, a lithium battery with excellent charge / discharge cycle characteristics 
can be obtained. Furthermore, by limiting the mixing ratios of the mixture solvent in the electrolyte in the foregoing 
range, a lithium secondary battery which is provided with high safety and self- extinguishing characteristics in addition 
to the excellent cycle characteristics can be obtained. In addition, a lithium secondary battery provided also with high- 
10 rate discharge characteristics can be obtained. 



Claims 

1 . A lithium secondary battery comprising a negative electrode using as an active material at least one kind selected 
15 from the group of metallic lithium, lithium alloys or materials which are capable of electrochemically occluding and 
releasing lithium ions, a positive electrode using as an active material at least one kind of compounds which are 
capable of electrochemically occluding and releasing lithium ions, and an organic electrolyte an improvement being 
that a solvent for the electrolyte is composed mainly of a mixture solvent prepared by mixing an organic solvent indi- 
cated by structure expression I, i.e. 4-trrfluoromethyl-1,3-dioxolane-2-one, and one kind or two selected from the 
20 group of an organic solvent indicated by structure expression II, e.i. 1-trifluoroethylmethyl carbonate, and an 
organic solvent indicated by structure expression III, i.e. di-1-trifluoroethyl carbonate, as mentioned below. 



Structure expression I 

25 

H H F 
III 
H-C-C-C-F 
/ \ I 
O OF 

30 \ / 

C 

II 
o 



35 

Structure expression II 



40 H H F 

I I I 

H-C-O-C-O-C-C- F 
I II II 

F O H F 



45 



Structure expression III 



50 



F H 



H 



F-C-C-O-C-O-C- 
It It I 

F H O H 



I 

■ C — F 
I 

F 



55 



2. A lithium secondary battery according to claim 1, wherein the volume rate of the mixture solvent occupied in the 
whole solvent for the organic electrolyte is 65% or more under nvironmental t mperature of 25° C, and th volume 
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rate of the rganic solvent indicated by the structure expression I occupied in the mixture solvent is 35% or more 
under environmental temperature of 25°C. 

A lithium secondary battery according to claim 1 or claim 2, wherein the volume rate of the mixture solvent occupied 
in the whole solvent for the organic electrolyte is 80% or more under environmental temperature of 25°C. 

A lithium secondary battery according to claim 1 , claim 2, or claim 3, wherein the volume rate of the mixture solvent 
occupied in the whole solvent for the organic electrolyte is 80% or more under environmental temperature of 25°C, 
and the volume rate of the organic solvent indicated by structure expression I occupied in the mixture solvent is 35 
- 65% under environmental temperature of 25°C. 
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